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Antiproton Sources

® Fermilab Antiproton Source is world’s most intense
(and highest-energy)

Table 1: Antiproton energies and intensities at existing and future facilities.

D Stacking: Operation:
Facility Kinetic Energy Rate Duty Hours p/yr
(GeV) (1019 /hr) Factor  /yr  (10'9)
0.005
CERN AD 0.047 — — 3800 0.4
Fermilab Accumulator:
current operation 8 > 25 90% 5550 > 150
proposed here ~ 3.5-8 20 15% 5550 17
FAIR (Z 2018*) 1-14 3.5 15%*  2780% 1.5

...even after GSI FAIR turns on (has yet to break
ground)

D. M. Kaplan, IIT P986 presentation FNAL PAC 11/4/10

3



Hyperon CP Violation

e Differently sensitive to new T Ty

physics than B CPV, €'/¢ -
(parity-conserving interactions) |

?

- complementary to mule

|A(A9)susy]|
o

Too large €'/e

® B factories have shown B =

10° e

mixing & CPV dominantly SM * ===

%

B T
|(€'/€) sysvl

— worth looking elsewhere!

® Leading potential signals are Ap, A=p, B=, Aq:

A:aA—I_gA 6A+6A A_FA_U?W_EA—UJW

OéA _&A 6 6[\ FA—>p7T _I_FA—>p7T
e b source can produce ~108 Q- Q,

& maybe ~10'0 =~ =* (transition crossing)
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Hyperon CP Violation

® SM predicts small CP asymmetries in hyperon decay

® NP can amplify them by orders of magnitude:

Table 5: Summary of predicted hyperon C'P asymmetries.

Asymm. Mode SM NP Ref.
Ap A — pr <107 S6x 1074 [68]
Az =F - Am, A —pr S05x107% <1.9x1073  [69]
Aqa QO—AK,A—pr <4x107° <8x1073 [36
Az, Q — =07 2x107°  <2x107%* [35]
ArK QO — AK <1x107® <1x107° [36]

*Once they are taken into account, large final-state interactions may increase this prediction [56].
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Hyperon CP Violation

® Measurement history:

Experiment Decay Mode A

R608 at ISR pp = AX,pp - AX  -0.02 & 0.14 [P. Chauvat et al., PL 163B (1985) 273]
DM2 at Orsay ete” > J/¥ — AA 0.01 £ 0.10 [M.H. Tixier et al., PL B212 (1988) 523]
PS185 at LEAR pPp — AA 0.006 == 0.015[P.D. Barnes et al., NP B 56A (1997) 46]

Experiment Decay Mode Az + Ay

E756 at Fermilab = — An, A — p7w 0.012 + 0.014 [K.B. Luk et al., PRL 85, 4860 (2000)]

_ —4 [T. Holmst tal.,
ES71 at Fermilab = — Am, A — prr (0.0£6.7) x107* [ MOS0
@ (-6 £2 =2) x 104 [BEACHOS preliminary; PRL in prep]
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Hyperon CP Violation

® Measurement history:

Experiment Decay Mode

R608 at ISR pp = AX,pp = AX -0.(

DM?2 at Orsay ete” = J/¥ — AA 0.0

PS185 at LEAR pp — AA 0.0(

Experiment Decay Mode A=

E756 at Fermilab = — A7, A —» pm  0.012
(0.0 4

E871 i' i‘ermilab =—> An,A— pn
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2009

(-6 £2 = 2) x 104 [BEACHOS preliminary; PRL in prep]
y
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Made possible by... Enormous HyperCP Dataset
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® b source can produce ~108 Q- Q*/y (+ ~10'0 =-=*7)
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HyperCP also — 10'0 >*
] a) ]

2 —=putu~ Decay
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HyperCP also — 10'0 2*
| - |

2 —=putu~ Decay

( .
‘o 2 7] % 2 ] ® Data .
s = ] ~2.40 fluctuation of SM? or
21k 21+ h - SUSY Sgoldstino? = other pseudo-
g ] g - _ . . scalar or axial-
I e I SR SUSY light Higgs!? vector state!?
2;_0 24||-O 21|2.5 2':5 21|7.5 week ending
PRL 98, 081802 (2007) PHYSICAL REVIEW LETTERS 23 FEBRUARY 2007

Does the HyperCP Evidence for the Decay 2" — pu™ u~ Indicate
a Light Pseudoscalar Higgs Boson?

Xiao-Gang He™

Department of Physics and Center for Theoretical Sciences, National Taiwan University, Taipei, Taiwan

Jusak Tandean’
Departments of Mathematics, Physics, and Computer Science, University of La Verne, La Verne, California 91750, USA

G. Valencia®

Department of Physics and Astronomy, lowa State University, Ames, lowa 50011, USA
(Received 2 November 2006; published 22 February 2007)

The HyperCP Collaboration has observed three events for the decay 2" — pu™ u~ which may be
interpreted as a new particle of mass 214.3 MeV. However, existing data from kaon and B-meson decays
provide stringent constraints on the construction of models that support this interpretation. In this Letter
we show that the “HyperCP particle’”” can be identified with the light pseudoscalar Higgs boson in the
next-to-minimal supersymmetric standard model, the A?. In this model there are regions of parameter
space where the AY can satisfy all the existing constraints from kaon and B-meson decays and mediate
>t — putu~ at alevel consistent with the HyperCP observation.
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How Follow Up!?

Superconducting AKKKKXISA v s

solenoid
Our proposal: o
: acau [ _\\V ~
® After Tevatron finishes, —Zﬂ% % Y SciFi

= Reinstall EZ60 barrel calorimeter

= Add small magnetic spectrometer
[existing BESS

magnet from b
KEK & ) o
SciFi DAQ

from DO

— LUMINOSITY
MONITOR
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CENTEALC

ii&?&*ﬁﬁ‘ﬁﬁ#ﬂﬂ

Our proposal:

® After Tevatron finishes, =

- Reinstall E760 barrel calorimeter ==

= Add small magnetic spectrometer

[existing BESS

- Add precision TOF system 22"s "o

o <$10M
= Add thin targets from DO &
FNAL iron]

= Add fast trigger & DAQ systems
= Run p5 = 5.4 GeV/c 2ma <+'s < 2mq + mm)
@ 2L~ 102 cm?s! (10 x E835)

+ ~10'2 inclusive hyperon events!

+ possibly ~10/0 == =*
D. M. Kaplan, IIT P986 presentation FNAL PAC [1/4/10 9




What Can This Do?

® Observe many more X" — pu" 11~ events and
confirm or refute SUSY interpretation

® Discover or limit 2 — = u i~ and confirm or
refute SUSY interpretation

® Discover or limit CP violation in {7 — AK"~
and )~ — ="7~ via partial-rate asymmetries

D. M. Kaplan, IIT P986 presentation FNAL PAC | 1/4/10 10



What Else Can This Do!?

® Much interest lately in new states observed in
charmonium region: X(3872), X(3940), Y(3940),

Y(4260), and Z(3930)

® X(3872) of particular interest: may be the first
meson-antimeson (D° D™ + c.c.) molecule (or

tetraquark or what?)

B need very precise mass & width measurement to
confirm or refute

= Hh — X(3872) formation ideal for this

® Also hc mass & width, i radiative-decay angular

distributions, 1" full and radiative widthes,...
D. M. Kaplan, IIT P986 presentation
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Example: precision pp mass
& width measurements

“' E760 7 scans “tOm (beam) = 0.5 MeV/c?
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Center of Mass Energy (MeV) Center of Mass Energy (MeV)

5m(x) = 0.1+0.02 MeV/c2

° ' ! _’{
The beam is the spectrometer B () ~ 0.1£0.01 MeV/c?

® The experiment is just the detector.
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Example: precision pp mass

& width measurements

Andreotti et al.,
PLB654 (2007) 74

2.5

20
1.5+
1:0 ~
i iy
0.0 -

® Works even for ’:

= E835 measured
[ = (290 £ 25 % 4) keV
with 2,700 events

S
|

CROSS SECTION (nb) CROSS SECTION (
w O
|

=
L

- used “complementary scans”
to reduce systematics

Constant—field scan (stack 29)

— Best technique for X(3872)
mass, (sub-MeV?) width, & /A\ /f/&% .

line-shape measurement CENTER_OF_MASS ENERGY  (Mev)

Fig. 2. ¥(2S5) resonance scans: the observed cross section for each channel
(filled dots); the expected cross section from the fit (open diamonds); the ‘bare’

ance curves ogw from the fit (solid lines). The two bottom plots show the

D. M. Kaplan, IIT P986 presentation normalized energy distributions 5;. FNAL PAC 11/4/10 13



What Else Can This Do!?
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Charm!

PHYSICAL REVIEW D 77, 034019 (2008)

Estimate of the partial width for X(3872) into pp

Eric Braaten
Physics Department, Ohio State University, Columbus, Ohio 43210, USA
(Received 13 November 2007; published 25 February 2008)

We present an estimate of the partial width of X(3872) into pp under the assumption that it 1s a weakly
bound hadronic molecule whose constituents are a superposition of the charm mesons D*“D" and D"D™".
The pp partial width of X is therefore related to the cross section for pp — D™ D" near the threshold.
That cross section at an energy well above the threshold i1s estimated by scaling the measured cross section
for pp— K" K7. It is extrapolated to the D*"D" threshold by taking into account the threshold
resonance in the 1 °° channel. The resulting prediction for the p p partial width of X(3872) is proportional
to the square root of its binding energy. For the current central value of the binding energy, the estimated
partial width into pp 1s comparable to that of the P-wave charmonium state y,,.

D. M. Kaplan, IIT P986 presentation

® Braaten estimate of pp

X(3872) coupling
assuming D*D
molecule

- extrapolates from
K*K data

FNAL PAC 11/4/10
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Charm!

PHYSICAL REVIEW D 77, 034019 (2008)

Estimate of the partial width for X(3872) into pp

Eric Braaten

Physics Department, Ohio State University, Columbus, Ohio 43210, USA

(Received 13 November 2007: nublished 25 Febrmarv 2008)

® Braaten estimate of pp
X(3872) coupling

w  assuming D*D

)

“ molecule
old

mal
ited

- extrapolates from
K*K data

® By-product is D*DO
Cross section

® Expect efficiency as at
B factories

e D*D cross-section estimate (after E.
The Braaten, PRD 77, 034019)
for 1 (Expect good to factor ~3)
I:!‘[h; 1'40
parti
1.20 /%\\
1.00 r
5 [ N
2 0.80
s /
g, 0.60 ¢
[
0.40
0.20
0.00 ‘ |
3.5 4 4.5
Vs
D. M. Kaplan, IIT
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Charm!

Another approach (Regge model)

0

10

\\
~ ]
~
\\
~ 4

8 10 12 14 16 18
P, (GeV/ic)

® Agreement within factor of 6

P986 presentation

1 A.I Titov and B. Kampfer,

Phys. Rev. C 78, 025201 (2008)

A. Titov, private communication

FNAL PAC 11/4/10
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Charm!

® Other evidence!?

102 ]
_ i
o)

1 -
R
c
o i
el
o
o
D
n
»
© 10
o ]
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o

pp— cc
all Xg

E769

GRV LO (1998) //:
MRST LO (2001) # ;
CTEQ6M (2002) ;)
MRST c-g (2001)
CTEQSL (2002)

C. Lourenco, H. K. Wohri,
Phys. Rep. 433 (2006) 127-180

10 15

20

25 30 35 40 45 50
\s [GeV]

® Hard to predict size

of 8 GeV p cross
section

—> Need to measure it!

D. M. Kaplan, IIT
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—_ 5
o 10° E < UA2pp;PLB 236, 488 A STARd+Au; PRL 94, 062301
3 r *  MUON cosmic rays; NPB 122, 353 ® STAR A+Au (preliminary)
2w ¥ PAMIR cosmic rays; NPB 122, 353 @ PHENIX p+p; PRL 97, 252002
B @ NA32 p+A; PR 433, 127 A PHENIX Au+Au; PRL 94, 082301
W E769 p+A; PR 433, 127 B PHENIX Au+Au; PRL 88, 192303
104 £ A NA16 p+A; PR 433, 127 e
= A NA27 p+A; PR 433, 127 s B
~ [ E743 p+A; PR 433, 127 i
¥ E653 p+A; PR 433, 127 x .-
O HERA-B p+A; PR 433, 127 "o
O NAS0 p+A; PR 433, 127 ‘-» &
103 = % NABO In+n (preliminary) —
: R
N
102
i 5 ~~ A.D. Frawley, T. Ullrich, R. Vogt,
svo2 | Phys Rep. 462 (2008) 125-175
10 X p
2 i NLO with CTEQEM
- R NLO Uncertainty Bound
E f 3 d (from R. Voogt, arXiv:0709.2531)
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Vs (GeV)
REGISTRATION OF NEUTRAL CHARMED MESONS PRODUCTION AND
THEIR DECAYS IN pA-INTERACTIONS AT 70 GeV WITH SVD-2 SETUP

(SVD-2 Collaboration)

A. Aleev, V. Balandin, N. Furmanec, V. Kireev, G. Lanshikov, Yu. Petukhov, T. Topuria, A. Yukaev.

Joint Institute for Nuclear Research, Dubna, Russia

E. Ardashev, A. Afonin, M. Bogolyubsky, S. Golovnia, S. Gorokhov, V. Golovkin, A. Kholodenko, A.
Kiriakov, V. Konstantinov, L. Kurchaninov, G. Mitrofanov, V. Petrov, A. Pleskach, V. Riadovikov*,

V. Ronjin, V. Senko, N. Shalanda, M. Soldatov, Yu. Tsyupa, A. Vorobiev, V. Yakimchuk, V. Zapolsky.

Institute for High Energy Physics, Protvino, Russia*

S. Basiladze, S. Berezhnev, G. Bogdanova, V. Ejov, G. Ermakov, P. Ermolov,
N. Grishin, Ya. Grishkevich, D. Karmanov, V. Kramarenko, A. Kubarovsky,
A. Leflat, S. Lyutov, M. Merkin, V. Popov, D. Savrina, L. Tikhonova, A.
Vischnevskaya, V. Volkov, A. Voronin, S. Zotkin, D. Zotkin, E. Zverev.

D.V. Skobeltsyn Institute of Nuclear Physics,
Lomonosov Moscow State University, Moscow, Russia

The results of data handling for SERP-E-184 experiment obtained with 70 GeV proton
beam irradiation of active target with carbon, silicon and lead plates are presented. Two-
prongs neutral charmed DY and D -mesons decays were selected. Signal / background ratio
is (51£17) / (38+13). Registration efficiency for mesons was defined and evaluation for charm
production cross section at threshold energy is presented: o(cc) = 7.1+2.4(stat.) £1.4(syst.)

(ub/nucleon). FNAL PAC I |/4/ I O
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Charm!

® What's so exciting about charm?
p DYs mix! (cis only up-type quark that can)

® Big question:
g ZM ................... ............................... ............................... N ew Physi cS or OI d?

W10
- 20
- F 36
- |B4o
N O R A ST D | KXo,
-1 -0.5 0 0.5 1 1.5 2

X (%)

[ ]
¢ ()]
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Charm!

p DYs mix! (cis only up-type quark that can)

-

~N

Singly Cabibbo-suppressed (CS) D decays
have 2 competing diagrams:
a)
S
K+
W+ u
c > > S
D’ K
u -« -« u
W+
b)
o > NIAYN > .
d.s,b S
DO
gL
S
K-
u . - u
-
D. M. Kaplan, IIT P986 presentation

® Big question:
New Physics or old?

m key is CP Violation!

Possible in CF, DCS
only if New Physics

® B factories have ~10?
open-charm events

® Hp may produce >10'0/y

mp world’s best sensitivity
to charm CPV

FNAL PAC 11/4/10 17



Charm!

® Ballpark sensitivity estimate based on Braaten pp — D*D°
formula, assuming 0 « Al

Quantity Value Unit
Running time 2 x 107 s/yr
Duty factor 0.8*
L 2x10%  cm2%s7!
Annual integrated £ 3.2 fh=1
Target A (Ti) 47.9
A0.29 3.1
o(pp — D*T + anything) 1.25-4.5 p1h
# D** produced 0.3-3 x 10!! events/yr
B(D*T — DY) 0.677
B(DY — K—x™T) 0.0389
Acceptance 0.45 (signal MC)
Efficiency 0.1-0.3 (MIPP & bkg MC) s . X
2 10°E(b) DK~  Belle

Total tagged events/yr

* Assumes ~ 15% of running time is devoted to antiproton-beam stacking.

o Cf. 1.22 x 10° total tagged evts at Belle
[M. Staric et al,, PRL 98, 211803 (2007)] .

LHCb will have comparable statistics but diff’t systematics =~ MGV
Competitive with projected ca. 2021 SuperKEKB (5 y @ 10 ab~!/yr)

D. M. Kaplan, IIT P986 presentation FNAL PAC [1/4/10 18

540 fb!

[

=]
&

T

()
T T

Events per 1MeV/c’
=

[
(=)
()




Background Study

® Study via MIPP 20 GeV pp data (h*h*h* events)

® Cut on D* and D masses and D*~D mass difference:

4
Mpo i | st-order > t D 1000000
I correction for CD . oo 650
(GeV) 3.5 - 'highe'r' beam Z Slgna| gms omeogéfg?
I D* D  |energy: g bin Combinations in
5 L y -~ |pz = 0.65p, ok ¢ .
| mass , — D*,D mass window
| window ~ |(conservative) | —
= ot
25 |- cC mim
i )
> |
2 } :ﬂ: s+
15 — 1k L] o
. o5 L
0'50.75‘ s 2 s % . 3?5‘ - ‘Jﬂ - 2?5‘ s Oo,wizx‘ —ois  ore o017 ois o 02 ox
Mp=: (GeV) mp+ — mp (GeV)

® |eaves |.1+0.3 background events/MeV — before kaon ID
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Background Study
® MIPP normalization @ 20 GeV not yet worked
through in detail, but sample sensitivity = | evt/ub

e Say total effective O(D*")+0(D*") =
2 x 1.25 pb x 47.9%27=7.7 ub
x B:0.67 x 0.039 = = 0.2 evt signal per pb™

mp sig/bkg =~ 0.1 (with above D*-D cuts)
e Kaon ID = ~ x 30 = sig/lbkg = 3
e Lifetime cuts = e.g.x 50 @ 50% effic.

D. M. Kaplan, IIT P986 presentation FNAL PAC |1/4/10 20



- Vertex Cut
® Requiring Az > 300 um
i keeps 50% of signal, 2%
! of background
g 0°F
3
o L
5
=
D)
>
H 0 | ]
(=) o T -
. R
— 1000 —500 0 500 1000 1500 2000 2500 5000

Az (pm)
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Background Study
® MIPP normalization @ 20 GeV not yet worked
through in detail, but sample sensitivity = | evt/ub

® Say total effective O(D*")+0(D*") =
2 x 1.25 yb x 47.9%%° = 7.7 ub
x B:0.67 x 0.039 = = 0.2 evt signal per yb™

m) sig/bkg = 0.1 (with above D*-D cuts)
e KaonID — ~ x 30 = sig/lbkg =~ 3

o Lifetime cuts = e.g.x 50 @ 50% effic.

— Clean sample (sig:bkg ~ 100:1) can be obtained with

reasonable (>0.1) efficiency
D. M. Kaplan, IIT P986 presentation FNAL PAC | 1/4/10 22



Breadth of Program

® Partial list of physics papers/thesis topics:

General 19 ] Production of Omega- in medium-energy pbar-p collisions
1| Particle multiplicities in medium-energy pbar-p collisions 20| Production of Lambda Lambdabar pairs in medium-energy pbar-p collisions
2| Particle multiplicities in medium-energy pbar-N collisions 21 | Production of Sigma+ Sigmabar- pairs in medium-energy pbar-p collisions
3| Total cross section for medium-energy pbar-p collisions 22 | Production of Xi- Xibar+ pairs in medium-energy pbar-p collisions
4| Total cross section for medium-energy pbar-N collisions 23 | Production of Omega- Omegabar+ pairs in medium-energy pbar-p collisions

Charm 24 |Rare decays of Sigma+

Production of charm in medium-energy pbar-p collisions 25 | Rare decays of XI-

Production of charm in medium-energy pbar-N collisions 261 Rare decays of Xi0

27 | Rare decays of Omega-

28| Search for/Observation of CP violation in Omega- decay

Associated production of charm baryons in medium-energy pbar-N collisions

5
6
7 | A-dependence of charm production in medium-energy pbar-N collisions
8
5 Charmonium

Production of charm baryon-antibaryon pairs in medium-enerqgy pbar-N collisions

29| Production of X(3872) in medium-energy pbar-p collisions

10 | Measurement of DO mixing in medium-energy pbar-N collisions
Precision measurement of X(3872) mass, lineshape, and width

11| Search for/Observation of CP violation in DO mixing 5 r f X(3872)
ecay modes o

12| Search for/Observation of CP violation in DO decays

32| Limits on rare decays of X(3872)

13 ] Search for/Observation of CP violation in charged-D decays

33| Production of other XYZ states in medium-energy pbar-p collisions

Hyperons 34 | Precision measurement of the eta_c mass, line shape and width
14| Production of Lambda hyperons in medium-energy pbar-p collisions 35 | Precision measurement of the h_c mass, line shape and width
15] Production of Sigma0 in medium-energy pbar-p collisions 36 | Precision measurement of the eta_c' mass, line shape and width
16 | Production of Sigma- in medium-energy pbar-p collisions 37| Complementary scans of J/psi and psi'
17 | Production of Xi- in medium-energy pbar-p collisions 38| Precise determination of the chi_c COG
18| Production of Xi0 in medium-energy pbar-p collisions @ Production of J/psi and Chi_cJ in association with pseudoscalar meson(s)

® Participation in TAPAS could ease transition to the

intensity frontier for some Tevatron scientists
D. M. Kaplan, IIT P986 presentation FNAL PAC 11/4/10



Cost Estimate

® Extensive availability of highly capable equipment
makes this effort highly cost-effective:

Item Cost (k$) Contingency (k$)
Targets 430 160
Luminosity monitor 60 20
Scintillating-fiber tracking system 1,820 610
Time-of-Flight system™

Triggering 1,390 460
Data acquisition system 490 153
Infrastructure 1,350 550
TOTALS 5,040 1,950

® Uses existing Antiproton Source (but not
Recycler), calorimeter, solenoid, SciFi readout
system, trigger & DAQ electronics

D. M. Kaplan, IIT

P986 presentation
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Cost Estimate

® Note: We seek to fund most of this via university

grants

B including substantial engineering & technician

effort, e.g...
Table 13: SciFi Budget Estimate.
Type Number Cost (k§) Cont’cy (k$) Basis
Scintillating fiber 90 km 40 20 Kuraray (MICE quote)
Clear_fihex 200 km 280 140 Kuraray (MICE quote)
Engineering effort 2 FTE-yr 500 150 MICE
Technician effort 6 FTE-yr 600 200 MICE
Fiber miitroritg 100 25 MICE
Optical connectors 200 50 MICE
Support structure 100 25 MICE
TOTALS 1,820 610

(plus the usual postdocs & students)
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Impact on Other Expts

® Uses only 2% of Ml protons

- compatible with 700 kW beam power to NOVA

® |ncompatible with g — 2 @ Antiproton Source

- but alternative g — 2 siting available @ BO

® |Incompatible with mu2e @ Antiproton Source

= but we can be done in time for mu2e
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Ot"-order run-plan example:

® Our request:

D. M. Kaplan, IIT

install/debug ~6 mo
find X(3872) ~| mo
measure O(D*) ~1 mo
measure 0(QQ) ~1 mo
charmonium ~| mo
X(3872) run ~|2 mo
hyperon CP run ~12 mo
install/debug hadron-ID upgrade |~3 mo
charm CP run ~12 mo

if 0’s favorable

so that we can submit grant
proposals to fund the effort

P986 presentation
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Summary

® Best experiment ever on hyperons, charm, and
charmonia may soon be feasible at Fermilab

- possibly world’s most sensitive study of charm mixing, CPV,
& rare decays

® Existing equip’t enables quick, cost-effective effort

- could start data-taking by 2014 (or 2015 if 3-yr Tevatron ext.)

- for some, feasibility depends on poorly known cross sections
- we can measure them quickly and cost-effectively

- no modification of accelerator complex required

® World’s best p source — simple way to broad

physics program in pre-Project X era
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Backup
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® Some Hyperon CPV references:

[32] A. Pais, Phys. Rev. Lett. 3, 242 (1959); O. E. Overseth and S. Pakvasa, Phys. Rev.
184, 1663 (1969); J. F. Donoghue and S. Pakvasa, Phys. Rev. Lett. 55, 162 (1985).

133] J. F. Donoghue, X.-G. He, S. Pakvasa, Phys. Rev. D 34, 833 (1986); X.-G. He, H.
Steger, G. Valencia, Phys. Lett. B 272, 411 (1991).

134] G. Valencia, Proc. p2000 Workshop, D. M. Kaplan and H. A. Rubin, eds., Illinois
Institute of Technology, Chicago, IL 60616, USA, Aug. 3-5, 2000.

[35] J. Tandean, G. Valencia, Phys. Lett. B 451, 382 (1999).
36] J. Tandean, Phys. Rev. 70, 076005 (2004).
[68] D. Chang, X.-G. He, and S. Pakvasa, Phys. Rev. Lett. 74, 3927 (1995).

69] X.-G. He, H. Murayama, S. Pakvasa, G. Valencia, Phys. Rev. D 618, 071701(R)
(2000).
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Table 11: Target Budget Estimate.

Type Cost (k$) Cont’cy (k$) Basis

Wire 30 10

Solid hydrogen 400 150 S. Ishimoto, KEK
TOTALS 430 160

Table 12: Luminosity Monitor Budget Estimate.

Table 16: Data Acquisition Budget Estimate.

Ttem Cost (k$) Cont’cy (k$) Basis
Scintillation telescope 50 15
Electronics 10 )
TOTALS 60 20
Table 13: SciFi Budget Estimate.
Type Number Cost (k$) Cont’cy (k$) Basis
Scintillating fiber 90 km 40 20 Kuraray (MICE quote)
Clear fiber 300 km 280 140 Kuraray (MICE quote)
Engineering effort 2 FTE-yr 500 150 MICE
Technician effort 6 FTE-yr 600 200 MICE
Fiber mirroring 100 25 MICE
Optical connectors 200 50 MICE
Support structure 100 25 MICE
TOTALS 1,820 610
Table 15: Trigger Systems Budget Estimate.
Item Number Unit cost (k$) Cost (k$) Cont’cy (k$) Basis
Level 1* P. Rubinov, FNAL
L2 Compute Nodes 100 9 900 300 P. Rubinov, FNAL
L2 Farm nodes 50 2 100 30
Postdoc effort 3 FTE-yr 270 90
Student effort 3 FTE-yr 120 40
TOTALS 1,390 460
*Level 1 trigger from D).
D. M. Kaplan, IIT
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Item Number Unit cost (k$) Cost (k$) Cont’cy (k$) Basis
Calorimeter flash ADC 1,200 0.10 120 30 P. Rubinov, FNAL
VME system™ TBD 0 0 0
Data buffering system 1 10 3 M. Crawford, FNAL
Tape drive+host node 5 18 90 30 M. Crawford, FNAL
Postdoc effort 2 FTE-yr 180 60
Student effort 2 FTE-yr 90 30
TOTALS 490 153
* Available from CDF and D@.
Table 17: Infrastructure Budget Estimate.
Item Cost (k$) Cont’cy (k$) Basis
Assemble and install solenoid flux return 300 100  VI. Kashikhin, FNAL
. o . M. Green, LBNL,
Cryogenics & solenoid installation 900 400 R. Rucinski, FNAL
Install Be beam pipe 50 20
Install cables 100 30
TOTALS 1,350 550
Table 18: Estimate of Annual Operating Costs.
Item # /yr Unit cost Cost (k$) Cont’cy (k$) Basis
Antiproton Source operations 2,000 K. Gollwitzer, FNAL

Magnetic tapes 1000 35 35 35 M. Crawford, FNAL
Tape libraries 0.1 700k 70 70 M. Crawford, FNAL
Equipment maintenance 10 10
TOTALS 2,115 115
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b Charm Factory?

® Another possibility (E. Braaten): use the
X(3872) as a pure source of DDO events

- the pp equivalent of the P(3770)!"?

= assuming current Antiproton Accumulator

parameters (Ap/p) & Braaten estimate,
produce ~ 102 events/year

- comparable to BES-III statistics
- could gain factor ~5 via AA e~ cooling?

® Proposed expt will establish feasibility & reach
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International Aspect

® Potential European interest (e.g. PANDA, Saclay, etc.)
- early data & experience for PANDA collaborators

® Also possible interest at Academia Sinica, Taiwan

® Could significantly reduce needed US resources

® But recent US HEP events cautionary

m) need indication of US interest to begin negotiation
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PANDA

PANDA - Strong interaction studies with antiprotons ~ FAIR-ESAC/Pbar/Technical Progress Report, January 17, 2005
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PANDA Physics Topics

® Charmonium (cc) spectroscopy (mass, widths, branching ratios)

® Establishment of the QCD-predicted gluonic excitations
(charmed hybrids, glueballs) in the 3—-5 GeV/c? mass range

® Search for modifications of meson properties in the nuclear
medium

® Precision Y-ray spectroscopy of single and double hypernuclei

® Extraction of generalized parton distributions from pp
annihilation
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Some HyperCP Publications:

o L. C. Lu et al., “Measurement of the asymmetry in the decay Q™ — AK+T — pr T KT.”
Phys. Rev. Lett 96, 242001 (2006).

e D. Rajaram et al., “Search for the Lepton-Number-Violating Decay == — pu~u=,”
Phys. Rev. Lett. 94, 181801 (2005).

e C. G. White et al., “Search for Delta AS = 2 Nonleptonic Hyperon Decays,” Phys.
Rev. Lett. 94, 101804 (2005).

e H. K. Park et al., “Evidence for the Decay X7 — pu™u~,” Phys. Rev. Lett. 94, 021801
(2005).

e M. Huang et al., “New Measurement of == — An~ Decay Parameters,” Phys. Rev.
Lett. 93, 011802 (2004);

e M. J. Longo et al., “High-Statistics Search for the ©%(1.54) Pentaquark,” Phys. Rev.
D 70, 111101(R) (2004);

e T. Holmstrom et al., “Search for C'P Violation in Charged-= and A Hyperon Decays,”
Phys. Rev. Lett. 93, 262001 (2005);

e Y. C. Chen et al., “Measurement of the Alpha Asymmetry Parameter for the Q= — AK~
Decay,” Phys. Rev. D 71, 051102(R) (2005);

o L. C. Lu et al., “Observation of Parity Violation in the 2= — AK~ Decay,” Phys. Lett.
B 617, 11 (2005).

e R. A. Burnstein et al., “HyperCP: A High-Rate Spectrometer for the Study of Charged
Hyperon and Kaon Decays,” Nucl. Instrum. Methods A 541, 516 (2005).

¢ O. Kamaev et al., “Study of the Rare Hyperon Decay Q¥ — Z* n'n~,” Phys. Lett. B 693
(2010) 236.
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